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Beedenue. Pazeumue cnoco6osé onpedenenusi ONACHOCMU BeUECME, 3A2PAZHIIOUUX OKPYICAIOUYIO CPedy, ANbMePHAMUBHBIX DYMUHHbIM
Memooam oueHKuU 300P08bs PA3NUHHBIX NPOPECCUOHANbHBIX 2PYNN AH00ell U mecmam Ha Aa00pamopHbIX HCUBOMHbIX, OUEHUBANOCH U 0000~
Wanoce 6 pside CneyuanbHovIX pabom, U KOHKPEeMHbIX (PaKmu4eckux OaHHbIX 8 SIMOM HANPAGACHUU HAKANAUgaemcs 6cé boavute. Anaius
NAMoeHHbIX XAPAKMepUCmuK MUKpogaopbl, U30AUPYeMoil U3 3a2pS3HEHHbIX MeCIOOOUMAnULL UAU U3MEeHEHHOU noo 6o30elicmeuem noa-
JNHOMAHMOB, NO3680451€M He MOAbKO OUEHUMb ONACHOCMb 803HUKHOBEHUS 3A001€6AHUL MUKDOOHOI S5MUO0A0UL, HO U YCMAHOBUMb GAUSHUE
Ha 9mom npoyecc MoOUPUUUPYIOUUX PaKmopos.

Mamepuaa u memoost. Hawiu uccaedosanus nposodunuce Ha 150 kyavbmypax Klebsiella pneumoniae, nodsepeuiuxcs osoeiicmsuro ous-
mauonamuna, ghenona, ceproll u a3omuoi Kuciom, 83amoix Ha yposre ux I1JIK. B kauecmee KOHMPOAS UCHOAB30BAAUCH Me Jce KYAbIY-
Pbl, HO He npoueduiue UHKY6ayur ¢ noasromawmamu. Daxmopsl NAMOeHHOCMU ONPEOeASIAUC MPAOUUUOHHBIMU MEMOOAMU U Memooa-
Mu 6 coocmeennoli mooughukayuu (PHKasnas akmusnocms) ¢ ucnonv3oganuem cmanoapmmbsix peaKmueos, Habopos u cpeo.
Pesyavmameot. [locre koHmakma co écemu NOANOMAHMAMU BbIAEACHO 00CMOBEPHOE NOBbIUECHUE A02e3UBHOI, AHMUUMMYHOA00YAUHO-
8011, NU30YUMHOLL, anmuauzoyumuoil, PHKa3Hoi akmueHocmu Mukpoopeanu3mos, CHOCOOHOCMU NPOMUBOCMOAMb AHMUOAKMEPUANbHO-
MY OelicmeUro CblBOPOMKU KPO8U, 4 MAKce nogpexcoaruemy deticmeuro aakmogeppuna. Bospocaa cnocobrocms 6akmepuii k cunmesy
seujecmea, UMMYHON0UHECKU CX00H020 ¢ NaKmMOpeppuHoM uenogeka. B mo dice epems aunasnas akmueHoCHb, OMHOCUMAS NpeUMyUje-
CMBEHHO K (hakmopam, onpeoesrouuM cnocoOHOCHb 6aKkmepuil 8bIJICUBANb 80 GHelUHell cpede, CHUBUAACY.

O6cyncoenue. Takum o6pazom, pe3romupys pe3yabmameot pabomol, He00X00UMO ommemums ciedyoujee: Ouoxumus 6akmepuil, 6yoyuu
CamocmosmensHbIM U YeAbHbIM PA30e/0M COBPEMEHHOI MUKPOOUOA02UL, Y8:3bI6aem 8 eOUHbLI y3ea, Ka3anocs Ovl, darékue dpye om opy-
2a 80NpPOCyl: UMeHeHUs (aKmopos NamoceHHOCIU U NEPCUCIEHYUU MUKPOOP2AHUZMO8 U MEXHOEHHYIO UBMEHHUBOCMb OKpPYdIcarouell
cpedvi. Becoma akmyanvras ce2o0Hsi, 5ma npobaema Mojcem MHO2OKPAMHO 000CMPUMbCs 8 X00e 0aNbHelue20 HayHHO-mexXHUYecK020
npoepecca.

Kawuesve carnoea: noANOMAanmol;, MUKPOOP2AHU3MbL, ouoxumus 6al<mepub7; d)alcmopbz namoeeHHocmu,
0u3maH0/zamuH; (i)eHOﬂ,' CepHas Kucaoma, Ad3omuas Kucioma.
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Introduction. The development of different ways of identifying hazard of substances, polluting the environment, that are alternative to routine
methods for assessing health of different professional groups of people, as well as to tests on laboratory animals, has been assessed and sum-
marized in a number of papers, and there is a growing volume of actual data on this issue. The analyzing pathogenic properties of microflora,
isolated from polluted habitats or changed under the effect of pollutants, allows both assessing the risk of diseases with microbial etiology and
identifying the in fluence of modifying factors on this process.

Materials and methods. The research was performed on 150 cultures of Klebsiella pneumoniae, exposed to diethanolamine, phenol, sulfuric
and nitric acids, taken at the level of their threshold limit value. The same cultures incubated without pollutants were used as a control group.

368 Mvruena u canutapus. Tom 99, Ne 4, 2020



ENVIRONMENTAL HYGIENE

Boiko O.V., Dotsenko Yu.l., Gudinskaya N.I., Boiko V.l., Mukhamedzyanova R.l., Kozak D.M., Stenkin F.S.
Effect of pollutants on biochemical properties of microorganisms

DOI: https://dx.doi.org/10.33029/0016-9900-2020-99-4-368-378
Original article

Pathogenic factors were determined with the use of traditional methods, our modified methods (RNAase activity) and standard agents, kits
and media.

Results. The contact with all the pollutants resulted in a fair increase in adhesive, anti-Ig, lysozyme, anti-lysozyme and RNAase activities of
microorganisms, their resistance to antibacterial action of blood serum, as well as to damaging action of lactoferrin. The bacteria increased
their ability to synthesize a substance, immunologically similar to human lactoferrin. At the same time, there was a decrease in lipase activity,
primarily referred to factors determining the bacterial ability to survive in the environment.

Discussion. Therefore, the paper results can be presented as follows: being an independent and holistic section of modern microbiology,
bacterial biochemistry unites the issues appeared to be far from each other — changes in factors of pathogenicity and persistence of microor-
ganisms and technogenic changeability of the environment. Being quite urgent today, this problem may become aggravated in the course of
further technological progress.

Keywords: pollutants;, microorganisms; bacterial biochemistry; pathogenic factors; diethanolamine; phenol; sulfuric
acid; nitric acid.
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Beenenue

M3BecTHO, 4TO OMHOM M3 IIeJIeil JIF0OOTO 3KOJOTUYECKOTO
WCCIICIOBAHUS SBJISICTCSI OIpeNe/IcHUE CTEIEeHU IMOTEHIINAIb-
HOI OITACHOCTU PA3IMYHBIX KOMITOHEHTOB BHEIIHE Cpembl
IIJIST 3JI0POBBS YeJIOBEKa, a TAKXKE KMBOTHBIX M PACTUTEILHOTO
mupa. BeceoOmmit nHTEpec K 3KOJOTUYECKUM BOIIPOCaM ITO0Y-
JIAJT TIPOBECTU OIPENeIEHHYIO PEBU3HIO CAHUTAPHO-TUTHEHNYE-
CKUX MPUEMOB, CPEIM KOTOPBIX 3aMETHBIN MMITYJIbC MOJYIMIN
MUKPOOMOJIOTMYEeCKUE METOAMKHU, TMOCTENEeHHO 3aHMMaroIue
Bc€ Oojiee BUIHOE MecTo [1—4]. PazBuTue criocoboB ornpeaee-
HUsI OMACHOCTU BELLECTB, 3arpsI3HSIONIMX OKPYXAIOIIYIO CPemdy,
aJbTePHATUBHBIX PYTUHHBIM METOJAM OLIEHKU 3[0POBbsI pa3-
JIMYHBIX MPOhECCUOHATBHBIX KATETOPUIA JTIOICH 1 TecTaM Ha Ja-
6GOpaTOPHBIX KMUBOTHBIX, HEPEIKO OMPENEIISIETCS TIPEXIe BCEro
3TUYECKUMU HOPMaMU, a TaKKe COKpAIleHUeM MaTepUaIbHBIX 1
BpeMEHHBIX 3aTpaT. MUKPOOPTraHU3MBI Xe B CUJTy CBOCH yOUK-
BUTAPHOCTU, OTHOCHUTEIBHOUW TOJIEPAHTHOCTH K TYOMTETHHOMY
NefcTBUIO (GaKTOpOB BHEIIHEW Cpelbsl M BBHICOKOU OGUoJornye-
CKOI TUIACTUYHOCTU JOCTATOYHO OBICTPO pearupyroT Ha M3Me-
HEHME KayecTBa Cpelbl OOMTAaHUSI, YTO ACJIaeT JOCTATOUYHO MPH-
BJIEKATEJIBHBIM UCCJICTOBaHNE OOBEKTUBHBIX CBSI3CH B CUCTEME
TEXHOTCHHOE 3arpsI3HEHNE — CBOMCTBA MUKPOMIOPHI KaK OTHO-
IO 13 BO3MOXHBIX METOIOB OLICHKU BPEIHOTO BO3ICICTBUS aH-
TPOTIOTEHHBIX (haKTOPOB Ha OKpyxkarolryto cpeny [5—10]. Haps-
Iy ¢ 9TUM COBEPILIEHHO OTpeaeIEHHAs POJIb MUKPOOPTaHM3MOB B
MaToJOTUHU YeJIOBeKa MO3BOJISIET CBSI3aTh PETUCTPUPYEMBbIE B HUX
MOJ BO3MENWCTBUEM BHEITHUX (DAKTOPOB M3MEHEHUSI C OCOOEH-
HOCTSIMA BO3HMKHOBEHMSI M Pa3BUTUSI PA3IUYHBIX COCTOSIHMI
MH(EKIMOHHOIO reHe3sa.

Lenb Haleit paboThl — MOIbBITKA MPOCISAUTD MTOAOOHBIE 13-
MEHEHMSI, BO3HMKAIOIIME B OaKTepraabHOI KJIETKE IO BO3/Aeii-
CTBUEM HECKOJbKUX XMMMUYECKMUX BEIIECTB, TOCTATOYHO YacTO
BCTPEYAIOIIMXCSI B OBITOBBIX M IMPOMBIIUIEHHBIX CTOKAaX, MpPH-
4&M HEKOTOpbIe M3 HUX SIBJISTIOTCS KOMITOHEHTaMU KUCJIOTHBIX

Introduction

It is well known that one of the objectives of any environmen-
tal study is to identify a degree of possible hazards of different en-
vironmental components to human health, animals and plants. A
general interest in environmental issues has stimulated to make a
certain revision of sanitary and hygienic methods, among which
bacteriological techniques, taking more and more leading po-
sitions, have acquired momentum [1—4]. The development of
different ways of identifying hazard of substances, polluting the
environment, that are alternative to routine methods for assess-
ing health of different professional groups of people, as well as to
tests on laboratory animals, is often determined mainly by ethical
standards, as well as by material cost and time saving. Due to
their ubiquitous nature, relative tolerance to a pernicious effect
of environmental factors and high biological flexibility, micro-
organisms react quite rapidly to changes in quality of the habi-
tat, which makes it very appealing to study objective links in the
system “human-induced pollution — properties of microorgan-
isms” as one of possible methods for assessing harmful effects of
anthropogenic factors on the environment [5-10]. At the same
time, a definite role of microorganisms in human pathology al-
lows to link their changes, registered under the effect of external
factors, with peculiarities of emergence and development of dif-
ferent states of infectious genesis.

The paper aims at identifying such changes in a bacterial cell un-
der the effect of several chemical substances that are often found in
domestic and industrial wastewater, and some of them are also acid
rain components. These are diethanolamine, phenol, sulfuric and
nitric acids. The grounds for conducting such a research were the ev-
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NOoXIel. DTo nuaTaHoJaMMH, (PeHoJ, cepHasl U a30THas KUC-
JoThl. OCHOBaHMEM [UISI TIPOBENEHMSI MOAOOHOIO poja uccie-
JOBAHUI TTOCTYKWIM CBEIEHUsI O TOM, UTO ITOI BO3ICHCTBHEM
hakTOpOB TEXHOTEHHOU MTPUPOIBI TTPOUCXOIUT YCKOPEHUE TeM-
OB M3MEHYMBOCTA MHMKPOOPTAaHW3MOB, YTO pPacCMaTpUBACTCS
KaK «MCKYCCTBEHHAsl SBOJIIOINS BO30OyauUTe el MHMEKIIMOHHBIX
3a0osieBaHuii» [5]. C 3TUX MO3MLMI aHAIU3 KaueCTBEHHBIX Xa-
PaKTepPUCTUK MUKPODIIOPHI, U30ITMPYEMOIt U3 aHTPOITOTEHHO 3a-
IPSI3HEHHBIX 9KOJOTUYESCKIX HUIII VUIM U3MEHEHHOI TTO]T BO3IEii-
CTBMEM TTOJUTIOTAHTOB, TIO3BOJISIET HE TOJILKO OLIEHUTh OTIACHOCTh
pacrpocTpaHeHHs 3a00JIeBaHN OaKTepHaIbHOM 3TUOJIOTUM, HO
M OXapaKTepu30BaTh MHTEHCUBHOCTb U HAIPaBJICHHOCTb BIIUSI-
HUSI Ha 9TOT mpolecc Monuduuupyrommx akropos [11—15].

Ocob6oe BHUMaHWE MPU ITOM CJIeAyeT oOpalliaTth Ha u3yde-
HUE U3MEHYMBOCTU (haKTOPOB BUPYJIEHTHOCTU U MEPCUCTCHIIUU
MHMEKIIMOHHBIX areHTOB, OMPEIeISIONINX UX B3aUMOIEHCTBUE
C OpPraHuU3MOM XO3sIMHA. DKCIepUMEHTAIbHBIM 000CHOBaHUEM
IS TIOMOOHOTO TMOAXONa TOCHYXKUIM HCCAeNOBaHUSI M3MEH-
YUBOCTU WHIMKATOPHBIX CBOWCTB CaHUTApHO-IOKa3aTeJbHBIX
MUMKPOOPTraHU3MOB poja Staphylococcus oa BIUSTHUEM MPUPOJI-
HOro cepoBojiopoacoaepxkaniero raza Openoyprckoro, Kapaua-
TraHaKCKOTO M ACTPaxaHCKOTO MECTOPOXIEHMII, TTPOBeIEHHBIC
O.B. byxapuHbIM U coasBr. [35].

Marepuan u METOIbI

B kauectBe 00ObBeKTa McciieqoBaHUSI ObUIM BbIOpaHbI Oak-
tepuu pona Klebsiella pneumonia. Knedcuenabl, Kak U3BECTHO,
ayTOXTOHHBIE KOMITOHEHTHI MPUPOIHBIX dKocucTeM. OHU, Kak
M IPYTHE CAIPOHO3bI, BXOIAT B 9KOJOTMYECKH 000COOICHHYIO 1
Pa3HOPOIHYIO TPYIITY MUKPOOPTAHU3MOB, TTOTEHIIMAIEHO T1aTO-
TeHHBIX 111 yestoBeka [16, 17]. Kpome Toro, KiieGcuesuibl 1ocTa-
TOYHO CBOCOOPA3HBI B 9KOJIOTMUECKOM U SIUAEMUOJIOTMUECKOM
OTHOIICHUM: OOUTAsI B TIPUPOJIE, OHU MPAKTUICCKH OE30MMacHbI
IUIST YeJIoBeKa, OJHAKO SMUACMUOJIOTMYecKass 3HAaYMMOCTh X
PEe3KO BO3pacTaeT, KOraa 4eJI0BeK BBOIUT 3T MUKPOOPTAaHU3MBI
B CBOE HEIOCPeNCTBEHHOE OKpYyXeHre. UMeHHO HemooleHKa X
9KOJIOTUYECKOM TMOKOCTU M TTOTeHILIMala U3MEHYMBOCTU TIPU-
BOIUT K BO3HMKHOBEHHUIO MH(eKnii, Ha3biBaeMbiX C.B. I1po-
30POBCKHM M COABT. «IIPOAYKTOM IIUBUIN3ALIMN», B CBSI3U C YeM
u3ydeHue TpaHchopMaluuu (paKTOpoB MaTOreHHOCTH IO BIUSI-
HUEM KCEHOOMOTHKOB Y KjieOCHesUT M TOAOOHBIX UM MUKPOOpra-
HU3MOB KaXXeTCsl HaM aKTyaJIbHbIM M MEePCNEeKTUBHBIM HaIpaB-
JneHuem [18—20].

Kputepusimu BKJIIOYEHUsS B HCCIeIOBaHUME OBLIO COOT-
BETCTBUE BBIACJICHHBIX MMKpoopraHusmoB pony Klebsiella
pneumonia, KOTOPOe yCTaHABIMBAJIOCH COTJIACHO MmpuKazy Ne 535
ot 22 anpenst 1985 r. «O6 yHudUKauum MUKpPOOHUOIOTMYECKUX
(6aKTepUOIIOTUIECKIX) METOIOB MCCISIOBAHUS TTPUMEHSIEMbIX
B KJIMHUKO-IMArHOCTUYECKUX JIA0OPATOpUsIX JieueOHO-TIpodbu-
JIAKTUYECKMX YUpeXKIeHMi». [T 9TOro MpuMEeHSIIUCH CIIeIyo-
1Iue J1abopaTopHbIC METOIBI:

1)  BblAeJNIEHUE YMCTBIX KYJIbTYp BO30yAUTENEH B OaKTEpU-
OJIOTMYECKMX aHaJM3aX Ma3KoB OT MAIlMEHTOB M TMPOO M3 00b-
€KTOB OKpYXalolleil cpeabl M MX ITOCEB Ha COOTBETCTBYIOIIME
MUTaTebHbIE CPEabl B 3aBUCMMOCTH OT TIPEIIoaraéMoro Buia
Bo30ynuTens. 3abop MaTepuana IMPOM3BOAMICS C TIOMOIIBIO
CTEPXXHSI CO CTEPUJILHBIM TAaMIIOHOM, KOTOPBI TMOMeIIacs B
CTEPUIBHYIO MPOOUPKY, HE KacasiCh ero Kpas, WIM MOoMeIIaics
B CTepwIbHYIO Tocyay. [loceB ocyiecTBasica B JaMUHApPHOM
mKady, rapaHTUPYIOLIEM CTePUJIbHOCTh padoyeil 30HbI. Kyib-
TUBUMPOBAHME U BbIpAIlIMBAHUE KOJOHUM MTPOMCXOAMIIO Ha Yalll-
kax Ilerpu. IllTamMMBbl MOJYYEHHBIX KYJIbTYp MOMELIAIMCH Ha
MpeAMETHOE CTEKJIO /LTSI JaJIbHEHIIIEro OKpaliMBaHUsl Ma3KOB MO
ogHomy u3 metonoB (I'pamy, Llnno—HuabceHy) 1 MUKpPOCKOTH-
YECKOT0 M3yIeHUsT MOPGhOIOTUA MUKPOOPTaHN3MOB!

* pa3mep u popma OGaKkTepUaIbHOM KIETKU;
* HaJIMYWe Karcyi, XKTYTUKOB, CIIOp;
* TUHKTOPHUAJIbHBIE CBOMCTBA (OTHOILIIEHE MUKPOOPTaHU3Ma K

OKpallWBaHUIO);

idence that microbial changeability accelerates under the exposure
of technogenic factors, which is considered as “artificial evolution
of infectious agents” [5]. From this line of reasoning, an analysis of
factors of pathogenicity of microflora, isolated from polluted eco-
logical niches, allows both to assess the risk of spreading diseases of
bacterial etiology and to present in detail the intensity and type of
influence of specific xenobiotics on this process [11-15].

Here special attention should be paid to studies on changeability
of virulence and persistence factors of infectious agents that determine
their interaction with the host organism. An experimental justification
for such an approach was a series of studies on changeability of in-
dicative properties of sanitary-indicatory Staphylococcus microorgan-
isms exposed to natural sour gas of the Orenburg, Karachaganak and
Astrakhan fields, conducted by O.V. Bukharin and others [5].

Material and Methods

Klebsiella pneumonia bacteria were used as a subject of re-
search. As is well known, Klebsiella are autochthonous compo-
nents of natural ecosystems. Like other sapronoses, they belong
to an ecologically isolated and heterogeneous group of microor-
ganisms that are potentially pathogenic for humans [16-17]. Be-
sides, Klebsiella are quite specific in terms of ecology and epide-
miology: living in nature, they are almost harmless for human,
but their epidemiological significance increases dramatically when
humans introduce these microorganisms into their immediate en-
vironment. This very underestimation of their ecological flexibility
and changeability potential leads to infections called “civilization
product” by S.V. Prozorosky and his co-authors, for which reason
a study on pathogenicity factor transformation under the exposure
of xenobiotics in Klebsiella and similar microorganisms seems to
be urgent and promising [18-20].

Inclusion criteria for the isolated microorganisms were their
concordance with Klebsiella pneumonia, determined according to
Order No.535 “On Unification of Microbiological (Bacteriologi-
cal) Examination Methods, Applied in Treatment and Diagnostic
Laboratories of Medical and Preventive Institutions” dated April
22, 1985. For this purpose, the following laboratory methods were
applied:

1)  isolation of pure cultures of the agents in bacterial tests of
the patients’ smears and environmental samples and their inocula-
tion in respective media, depending on a supposed type of agent.
The material was sampled with a rod and a sterile swab which was
put into a sterile tube without touching its brim, or was put into
sterile dishes. The inoculation was conducted in a laminar flow
unit, guaranteeing the working place sterility. Colonies were cul-
tivated and grown in Petri dishes. Strains of the obtained cultures
were placed on a slide for further staining of the smears by one of
the methods (Gram, Ziehl-Neelsen) and microscopy of the mi-
croorganism morphology:

 Size and shape of a bacterial cell;
» Presence of capsules, flagella and spores;
* Tinctorial properties (microorganism’s reaction to staining).

2)  concordance of biological activity of the isolated micro-
organisms with the biological activity of Klebsiella was tested with
Enterotest 2 test kit, Lachema company, the Czech Republic.

All the examined strains were typical by their cultural, mor-
phological and biochemical properties. If a microorganism mis-
matched at least one of the above criteria, it was excluded from
further studies.
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2)  COOTBETCTBME OMOXMMWYECKOM aKTMBHOCTHU  BbI-
NEJICHHBIX ~ MUKPOOPTaHU3MOB  OUMOXMMMUYECKOW  aKTUBHO-
CTU KJIeOCHeIT ¢ MCIOJIb30BaHUEM TecT-cructemMa Enterotest 2
(AO «Lachema», Yexus).

Bce BKITIOUEHHBIE B MCCIIEIOBAHKE IITAMMBI ObLUTA TUITUYHBI-
MM TI0 CBOUM KYJIBTYPaJTbHBIM, MOP(MOJIOTUYECKUM U OUOXMMU-
YecKUM CBoiicTBaM. HecooTBeTCTBME MMKPOOPTAaHWU3MOB XOTSI
ObI OMHOMY W3 BBILICTIEPEUNCICHHBIX KPUTEPHUEB CIYXKWIO OC-
HOBaHMEM ISl €T0 UCKITFOUECHUS 13 JaJbHEHIINX UCCICTOBAHMIA.

C KaXXIbIM U3 MTOJUTFOTAHTOB MPOILLTN MHKyOamio 150 KyJib-
Typ.

B xauecTBe KOHTPOJIBHOI TPYIIITBI MCITOJIB30BAIUCH Te XKe 150
KYJIBTYD, UTO U B OITBITE, IMPOIIEIIINE MHKYOAIIUIO B TEX XK€ yCI0-
BUSIX, YTO U OTIBITHBIC, HO 0€3 BO3/IECTBUS TTOJUTIOTAHTOB.

M3 atux 150 mrtaMMoB:

* 30 mTaMMOB KieOcues/1 ObUIM BbIIEJNIEHBI M3 MaTepuaia
OT TAalMEeHTOB ACTpaXaHCKOI 00JIaCTHOM MH(EKILIMOHHONI
OonbHMLBI (M3 (heKaluii, HOCOIJIOTKU, 3eBa). OT KaxIoro
raiueHTa ObUIO BbIIEICHO M0 OAHOMY LITaMMY.

80 mraMMoB — u3 (eKalIuil Jaull, 00CIeI0OBaHHBIX B OaKTe-
puosiorndyeckoit yraboparopuu LleHTpa rocymapcTBEHHOTO
CaHWTaPHO-3TMUAEMHUOIOTMYECOTO Han30pa B ACTpaXxaHCKOW
ob6sactu. OT KaxA0ro naiyeHTa Obl10 BbIIEICHO MO OJHOMY
TaAMMY.

40 mwtaMMOB U3 OOBEKTOB BHEIIHEN cpenbl (BOAbI MOBEPX-
HOCTHBIX BOJOEMOB WM TIPOLYKTOB pacTeHMEBOACTBa). M3
KaXkIoro o0pasiia ObLIO0 BBIIEJICHO IO OMHOMY IITaMMY.

151 MO3UPOBAHHOTO TTOCEBA MCIIOJIb30BAIM B3BECU MMKPO-
OpraHM3MOB, TIPUTOTOBIICHHBIC IO cTaHaapTy MyTHocT (TMCK
nM. TapaceBuya) u3 pacuéra, uto 10 MeXIyHAPOTHBIX €IMHMIL
0GaKTEepUOJIOTMUYECKOTO CTaHAapTa COOTBETCTBYET 850 MJTH M.T./MIT
6akrtepuii. [Ipn 3TOM Bce MUKPOOPraHU3MBI CYCIIEHINPOBAIN B
0,7% pactBope xiopuaa HaTpus. JIiss KOHTPOJISI TTOCEBHOM TO3bI
M3 MPOOUPOK, coaepKalux, mo pacyéty, 1000 m.1. B 1 M1, mipo-
u3Boawiu 1moceB 0,1 M Ha 3 yalIKu ¢ MUATATEJIbHBIM arapom u
MOJCYUTHIBAJIA YMCJIO BBIPOCIINX KOJOHUIA.

JlnataHosamMuH, (eHOJ, CEPHYIO M a30THYIO KUCJIOTbI BHO-
CUJIY B TIPEBAPUTELHO MPOCTEPUIN30BAHHYIO BOTOITPOBOIHYIO
nuTheBylo Bomy (90 MuH nipu 1,5 aTM) B KOHLIEHTpALIUSIX, HE TTpe-
BoimaBiux [1JIK. KoHeuHble KOHLIEHTpALlMU COCTABWIU JUISI
(henona 0,25 mr/n, nuatanonamuna — 0,01 mr/i, cepHoit Kucio-
o1 — 0,018 mr/7, s azoTHOM KucaoTsl — 0,015 mr/m [17].

JlabopaTopHoe uccienoBanue npod «Boma muTbeBasi» mpo-
BOIWJIOCH B aKKPEIUTOBAHHOM WCIBITATEILHOM JIAOOPaTOPHOM
neHtpe deaepadbHOTO OIOIKETHOTO YUPEKICHUS 3IpaBOOXpa-
HeHUS «LIeHTp TUTMeHbl ¥ 3TIUAEMUOJIOTMY B ACTpaxaHCKOM 00-
nactu». Attectatr akkpenutaruu Ne RA.RU.510453. Jlara BHe-
CEHUSI CBEICHUI B peecTp aKKpeIUTOBaHHBIX inil 19.12.2016 1.

O6e33apakBaHKEe BOIBI M3 TOBEPXHOCTHOTO BOJIOMCTOY-
Huka (p. Boara) mpoBomutcst Metomom xiopupoBanusi. CocTaB
BOJBI MpeACTaBJIeH B Ta0. 1.

Bce ucnbiTyeMble mTaMMbl, BeipalieHHbie Ha MITA, o ox-
HOMY BHOCHJIM BO (bJ1aKOHbI ¢ 50 MJI KaXXI0ro pacTBopa IMoJutio-
TaHTa, a TaKXe KOHTPOJbHBIN (iakoH B go3¢ 10° MUKpOGHBIX
KJIETOK Ha | MJ NPUTOTOBJIEHHOIO IO CTaHAApTy MYTHOCTH.
TTocne 10 mHeit MHKYOALMKM TIPU KOMHATHOI TeMmIiepaTtype ObLT
npou3BecH 3a00p U3 (hIaKOHOB OAKTEPUiA U MOCIEAYIONIUIA UX
MOCeB Ha TUIOTHBIN MUTATeIbHBIN arap. Beipociime KieGcuebl
B IaJbHEHIIEeM MCIOIb30BAIM TSI ONpenesieHus] X (hakKTopoB
MaTOTeHHOCTH U TIEPCUCTEHIINH.

1. nga obHapyXeHUsl TJIULEpOoJIICTepruapoias (urnas)
MCITOJIb30BaIN arap ¢ TBUHOM 60. MHKyOAI1IO TOCEBOB MIPOBO-
vy ripu 37 °C B Teuenue 24 4. [1pu ONOXUTETBHON peakInm
HaOJI00aI0Ch 00pa30BaHUE KEJITOTO OpeoJia BOKPYT KOJIOHMIA,
OTJIMYHOTO OT OOIIIeTO KPAaCHOTO 11BeTa cpenbl. B kauecTBe nHIU-
KaTopa MCIT0/Ib30Baiu (eHoIpoT B KoHueHTpauuu 0,5% [21].

2. Hammuune nmumsomumuoit (JIA) M aHTUIM3OLIMMHOM
(AJIA) aKTUBHOCTU Y MUKPOOPTaHU3MOB OMPEICIISUIM METOIOM
OTCPOYEHHOTO aHTaroHu3Ma. B paboTe Mcmob30Baay JIU301UM
dbupmbr Sigma-Aldrich (LlBeiiiapust). B kauecTBe MHAMKATOP-
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150 cultures were incubated with each pollutant.

The same 150 cultures, incubated under the same conditions
but not exposed to the pollutants, were used as a control group.
From these 150 strains:

30 strains of Klebsiella were isolated from the material of pa-
tients of the Astrakhan Regional Infectious Hospital (from fe-
ces, nasopharynx and pharynx), one strain isolated from each
patient.

80 strains — from feces of patients, examined at the bacterio-
logical laboratory of the Centre for State Sanitary and Epide-
miological Supervision in Astrakhan region, one strain isolat-
ed from each patient.

40 strains — from environmental objects (surface waters and
crop products), one strain isolated from each sample.
Suspensions of microorganisms, prepared according to the
turbidity standard (State Research Institute of Standardization
and Control of Medical Biological Preparations named after L.A.
Tarasevich) were used for dosed inoculation assuming that 10 in-
ternational units of the bacteriological standard correspond to 850
million mb/ml of bacteria. All the microorganisms suspended in
0.7% solution of sodium chloride. To control the inoculation dose,
0.1 ml inoculation was made from the tubes, containing, as calcu-
lated, 1000 mb in 1 ml, in 3 cups with a nutrient agar, and then a
number of grown colonies was count.

Diethanolamine, phenol, sulfuric and nitric acids were intro-
duced into pre-sterilized tap drinking water (90 minutes under 1.5
atm) in concentrations that did not exceed their threshold limit
value (TLV). Final concentrations were 0.25 mg/1 for phenol, 0.01
mg/1 for diethanolamine, 0.018 mg/1 for sulfuric acid and 0.015
mg/1 for nitric acid [17].

Laboratory examination of the samples “Drinking water” was
conducted at the accredited testing laboratory centre of the Fed-
eral Budgetary Healthcare Institution “Hygienic and Epidemio-
logical Centre of Astrakhan Region”. Accreditation certificate No.
RA.RU.510453, an entry on the accredited persons was made in
the register on 19.12.2016.

Water from the surface water source (Volga river) was steril-
ized with the method of chlorination. The water composition is
presented in Table 1.

All the test strains, cultured in a meat infusion agar (MIA),
were put one by one into bottles with 50 ml of each solution of
a pollutant, as well as into the control bottle, in the dose of 10°
microbial cells per 1 ml, made according to the turbidity standard.
After the 10-day incubation period at room temperature, the bac-
teria were taken from the bottles and were inoculated into a dense
nutrient agar. Grown Klebsiella were further used to identify their
factors of pathogenicity and persistence.

1.  Agar with tween 60 was used to identify glycerol ester hy-
drolases (lipases). The inoculation was incubated under 37° C dur-
ing 24 hours. When the reaction was positive, there was a yellow
halo around the colonies which was different from the red color of
the medium. Phenol red with the concentration of 0.5% was used
as an indicator [21].

2. Presence of lysozyme activity (LA) and anti-lysozyme activ-
ity (ALA) in the microorganisms was assessed with the use of the de-
ferred antagonism method. Lysozyme, produced by Sigma-Aldrich,
Switzerland, was used in the present study, and the strain Micrococcus
lysodeicticus (strain No. 2665 according to the State Research Institute
of Standardization and Control of Medical Biological Preparations
named after L.A. Tarasevich) was used as an indicative test strain [22].
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OpvruHanbHas cratbs

Pe3synbTaThl JIa00PaTOPHOTO HCceaoBanus npod «Boaa nurbesas»

Ta6bnunma 1

IToka3arenn PesysbraTs! nccaenoBanuit . 0};&%:;:"::’%% ce HJI na meTopI HCcIe10BaAHMIT
3anax ripu 20°, 6autb 0 2 T'OCT P 57164-16
3armax mpu 60°, 6auTbl 0 2 I'OCT P 57164-16
IpuBkyc, Gamib 0 2 T'OCT P 57164-16
MytHOCTB, MT/IM? 1,37 £ 0,27 1,5(2,0) I'OCT P 57164-16 (utmHa BosHBI 530 HM)
LIBETHOCTb, TpaLyChl 13,4127 20 (35) ['OCT 31868-12
pH 7,34+ 0,20 6,5-8,5 MHAD 14.1:2:3:4.121 -04
AmMuMax (1o a3oty), Mr/am? 0,12 £0,02 2,0
Hurput noH, mr/om? 0,0050 + 0,0025 3,0
Hwurparbi, Mr/mm? 1,69 + 0,34 45,0 T'OCT 33045-14
KéctkocTb 06111ast, MrIKB/IM? (*K) 2,85+0,43 7,0 I'OCT 31954-12
Cyxoii ocTaTok 2440 + 22,0 1000,0 MHAD 14.1:2:4.114-97
(oG11ast MUHEpaau3alus), Mr/am?
Xnopubsl, Mr/am? 31,24 £ 4,69 350,0 T'OCT 4245-72
Cynbdartst, Mr/mm? 52,42 £ 5,24 520,0 T'OCT 4389-72
XKeneso, mr/mm? 0,14 + 0,04 0,3 T'OCT 4011-72
®drop, mr/nm? 0,09 £ 0,01 1,5(1,2) T'OCT 4386-89
HedrenpomnykTsl, Mr/mm? 0,011 + 0,004 0,1 [MHAD 14.1:2:4.128-98
®denHon, mr/am? 0,00070 £ 0,00025 0,001 MHAD 14.1:2:4.182-02
ATTAB, mr/om? menee 0,025 0,5 MHAD 14.1:2:4.158-2000
LuHK, Mr/ov? 0,0220 %+ 0,0066 5,0
Kanmuit, mr/om3 0,00057 £ 0,00017 0,001
CsuHell, Mr/nm? 0,006 +0,0018 0,03 MY 31-03/04
Menpb, mr/am? menee 0,005 1,0 I'OCT 31866-12
MBbILIBSIK, MT/aM? menee 0,001 0,05 MY 31-09/04
T'OCT 31866-12
Pryts, Mr/mm? menee 0,00001 0,0005 MU 2865-04
Maprasetr, Mr/mom? 0,014 £ 0,004 0,1 TMHA® 14.1:2.4.188-02
AJIIOMUHUIA, MT/IM? 0,018 + 0,006 0,5 I'OCT 18165-14
Table 1
Results of the laboratory examination of the samples “Drinking water”
Hygienic Units of
Determinable indicators Examination results standard, measurement Regulatory documents for research methods
max (for columns 3 and 4
Odor under 20° 0 -2 points GOST R 57164-16
Odor under 60° 0 2 points GOST R 57164-16
Off-flavor 0 2 points GOST R 57164-16
Turbidity 1.37 £0.27 1.5(.0) mg/dm? GOST R 57164-16 (wavelength - 530 nm)
Colour 13.4+2.7 20 (35) degrees GOST 31868-12
pH 7.34+0.20 6.5-8.5 Federal Environmental Regulation 14.1:2:3:4.121-04
Ammonia (by nitrogen) 0.12 £0.02 2.0 mg/dm?
Nitrite ion 0.0050 £ 0.0025 3.0 mg/dm?
Nitrates 1.69 £0.34 45.0 mg/dm? GOST 33045-14
Total hardness 2.85+0.43 7.0 mg-eq/dm?® (*h) GOST 31954-12
Dry residue (total dissolved solids) 244.0 +£22.0 1000.0 mg/dm? Federal Environmental Regulation 14.1:2:4.114-97
Chlorides 31.24 £4.69 350.0 mg/dm? GOST 4245-72"
Sulphates 5242 £5.24 520.0 mg/dm? GOST 4389-72
Ferrum 0.14 £0.04 0.3 mg/dm? GOST 4011-72
Fluorine 0.09 +0.01 1.5(1.2)  mg/dm? GOST 4386-89
Oil products 0.011 £ 0.004 0.1 mg/dm? Federal Environmental Regulation 14.1:2:4.128-98
Phenol 0.00070 %+ 0.00025 0.001 mg/dm? Federal Environmental Regulation 14.1:2:4.182-02
Anionic surface active agents less than 0.025 0.5- mg/dm? Federal Environmental Regulation 14.1:2:4.158-2000
Zinc 0.0220 £ 0.0066 5.0 mg/dm?
Cadmium 0.00057 £ 0.00017 0.001 mg/dm?
Lead 0.006 +0.0018 0.03 mg/dm? Methodological Instructions 31-03/04
Copper less than 0.005 1.0 mg/dm? GOST 31866-12
Arsenic less than 0.001 0.05 mg/dm? Methodological Instructions 31-09/04 GOST 31866-12
Mercury less than 0.00001 0.0005 mg/dm? Guidelines 2865-04
Manganese 0.014 £ 0.004 0.1 mg/dm? Federal Environmental Regulation 14.1:2.4.188-02
Aluminium 0.018 £ 0.006 0.5 mg/dm? GOST 18165-14
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HOTO TecT-mTamMa — Micrococcus luteus (1rramm Ne 2665 THCK
uM. JI.A. TapaceBuua) [22].

3. OmnpenesieHUe CIOCOOHOCTU MUKPOOPraHU3MOB MPO-
THUBOCTOSITHh GAKTEPUIIMIHOMY NEHCTBUIO CHIBOPOTKU KPOBU Ue-
JIOBEKa MPOBOIWIM HA OCHOBAHUY CTaHIAPTHBIX METOJIUK C UC-
MOJIb30BAaHUEM CBEXMX CTEPUJILHBIX CHIBOPOTOK [23].

4.  AHTUMMMYHOIJIOOYJIMHOBas aKTUBHOCTb OaKTepuit
oTpenesiiach METOIOM, OCHOBAaHHBIM Ha PagvaJbHON UMMY-
Hoauddy3uu B reje (nmo MaHYMHU), C UCIIOJb30BAaHUEM U B
cooTBeTcTBUM ¢ «MHCTpyKIMel Mo MPUMEHEHUIO CHIBOPOTOK
IMarHOCTUYECKUX MOHOcTennbuieckux mpotus IgG uenoseka
cyxux» oT 27.01.1995 r. 1151 3TOr0 Kaxmayio 13 UCCIEAYeMbIX U
OTIBITHBIX KYJIBTYP KJIeOCHesUT BhIpallMBaiy Ha TUIOTHOM MUTa-
TEJIBHOU Cpelie, U3 BBIPOCIIEN arapoBOW KyJbTypbl TOTOBUJIU
MHUKPOOHYIO B3BECh B (DM3MOJIOTMYECKOM PaCTBOPE, KOTOPYIO
3aTeM ctaHgaptusMpoBain Ha ®OK-M 10 mIoTHOCTH, COOT-
BercTBylonieii 0,5. lanee 0,1 M B3BeCU BHOCUIIM B IMPOOUPKY
¢ 0,1 M CBIBOPOTKHM KPOBHU YeJIOBeKa, colepxKalleil U3BeCTHOE
kosinuectBo IgG, mapaieibHO FOTOBUJIM KOHTPOJIb U3 (PU3HO-
JIOTUYECKOTO PAaCTBOPA U CHIBOPOTKH KPOBU. OTBIT U KOHTPOJIb
UHKYOUpoBian 30 MUH, 3aTeM IOJy4YaJu CylepHaTaHT U OIlpe-
NeJSUTA B HEM METOIIOM paavaibHOW mMMyHonubdy3uu ocra-
TOYHYIO KOHIICHTPAIMI0 WMMYHOIIOOyIuHOB. [lo pasHule
KOHIIEHTPAIIMil MMMYHOTJIOOYJIMHA B KOHTPOJBLHOM U OITBITHON
mpo6ax nejaju BbIBOL 00 aHTUMMMYHOTJIOOYJTMHOBOW aKTHUB-
HOCTU MUKPOOPTAHU3MOB [22].

5.  Anresust 6aktepuii NpoBOAWIACH Pa3BEPHYTHIM (IIPO-
OMPOYHBIM) METOIOM Ha 3puTponurtax dyemoseka O (I) rpyrmmsr,
Rh+ 11 onieHuBaach 1o cieayronmM Kputepusm [24]:

» CIIA (cpennHuit mokazaTenb aAre3un) — CpeHee KOIMIECTBO
MUKPOOOB, aATe3NPOBAHHBIX HA OMTHOM 3PUTPOLIUTE;
K (kX032 dpuimeHT yyacTus 3puTpOIIMTOB B aAre3MBHOM IIPO-
Lecce) — MPOLIEHT SPUTPOLIUTOB, UMEIOIIUX Ha CBOEH Mo-
BEPXHOCTHU aAre3MpOBaHHbBIE MUKPOOHI;
HNAM (uHImekc aare3aMBHOCTM MUKPOOPTaHM3Ma) — CpelHee
KOJIMYECTBO MUKPOOHBIX KJIETOK Ha OHOM, YYaCTBYIOILEM B
a/ITe3MBHOM MpOIIECCe SPUTPOLIUTE, BBIYMCISIETCS MO hop-
myiae MAM = CIIA-100/K. TlpuHsATO cuMTath, 4TO €CIU
HNAM < 1,75, To GakTepuu He 00J1aJaloT aaAre3uBHON aKTHB-
HOCTBIO.
B kauectBe Oydepa 6bu1 ucnoab3oBaH 0,1 M pactBop doc-
(ara HaTpUsI, TIPUTOTOBJIIEHHBIM Ha M30TOHUYECKOM DPACTBOPE
xjopuna Hatpus (pH 7,2—7,3).

B3Becb MHWKpOOOB WCMONIB30BAJIaCh B KOHIIGHTpAIUU
10° xsi/Ma. it 9TOTO KYJAbTYPY € IJIOTHOW MUTATEIbHOM Cpe/ibl
(MITA) mpoMbIBaIM IBaXKIbl PAaCTBOPOM Oydepa MyTEM LIEHTPH -
dyruposanusg (1000 06./MuH), 3aTeM B Oy(epHOM pacTBOpe ro-
TOBWJIM B3BECh 3aJaHHOI KOHIIEHTPAIINU.

DpUTPOUUTHL TMPEABAPUTENBHO TaKXKe [OBaXKAbl OTMBbI-
Baiu OydepHBIM pacTBOpPOM TIyTEM UEHTPU(PYTUpOBaAHUS
(1000 06./muH). ITocne yero ¢ ucmnojab3oBaHueM Oydepa roro-
BUJIM B3BECh 9pUTPOLIUTOB 100 MITH/MJI.

B nipobupky BHOcHiM 1o 0,5 MJ1 B3BeCU MUKPOOOB U 3pU-
Tpo1uToB. CMech MHKYOUpoBanu npu 37 °C Ha BCTpsaxuBaTese
30 muH. ['0OTOBMIM Ma30K Ha CTeKJIe, KOTOPbIi BLICYLIMBAIU ITPU
KOMHATHOI TeMriepatype, (UKCHpOBaJIM METAaHOJIOM, IOCHe
yero okpauusaiu no I'pamy.

IToncuér npoBonuiicst Ha 50 3pUTpoOLIUTAX, TPOCMATPUBAIOCH
BCE MPEAMETHOE CTEKJIO.

6.  OrmpeneieHue YyBCTBUTEILHOCTH OAKTepHii K JIAKTO-
dbeppuny (JID), ciepMuHy 1 CriepMUIUHY TTPOBOIMIIY C UCTIONb-
30BaHUEM JIaKTOQEepprHa, a TAKKe COMTHOKHUCIBIX CIIepMIHA 1
cnepmuauHa ¢upmbl «Fluka». Paznuuus B ornpeneneHun 4yB-
CTBUTENLHOCTU OaKTepuil K JIAKTOQEeppUHy, CIEPMUHY U CIIep-
MUIVHY 3aKJTI0YAIOTCSI B TOM, UTO B OTIBITHBIE TPOOUPKU 10OaB-
JISUTA pa3HbIe BellecTna [4, 25].

7. OnpenesleHNe CMOCOOHOCTU OaKTepWil K TPOLYKIIMH
0enka, UMMYHOXUMUYECKU CXOIHOTO C JaKTO(eppruHOM 4Yesio-
Beka (bJI®), ocHoBbiBaeTcs Ha peakuuu MDA ¢ npumeHeHHEM
CTaHAapTHBLIX HA00poB hupMbl «HBT».
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3. The ability of microorganisms to resist a bactericidal ef-
fect of human blood serum was determined on the basis of stan-
dard methods with the use of fresh sterile sera [22].

4. Anti-lIg activity of Klebsiella was identified with the meth-
od of gel radial immunodiffusion with Mancini method with the use
of and according to the “Guidelines on Application of Dry Diag-
nostic Monospecific Serum against Human Ig G” dated 27.10.95.
For this purpose, each of the examined and tested cultures of Klebsi-
ella was grown in a dense nutrient medium, then the grown agar cul-
ture was used to prepare a microbial suspension in the physiological
solution which was further standardized on the photoelectric col-
orimeter M to the density, corresponding to 0.5. Then 0.1 ml of the
suspension was put into a tube with 0.1 ml of human blood serum,
containing a known quantity of IgG; at the same period of time, the
physiological solution and blood serum were used to prepare a con-
trol sample. The experimental and control samples were incubated
during 30 minutes, then a supernatant was obtained and used for de-
termining trough concentration of immunoglobulins with the radial
immunodiffusion method. Difference between the concentration of
immunoglobulin in the control and experimental samples allowed
to draw a conclusion on anti-Ig activity of the microorganisms [22].

5. Bacterial adhesion was carried out with a detailed (test
tube) method on human erythrocytes, 0 (I) group, Rh+, and was
assessed by the following criteria:

* adhesion mean value (AML) — an average number of mi-
crobes, adhered on one erythrocyte.
coefficient of participation of erythrocytes in the adhesion pro-
cess (C) — percentage of erythrocytes with adhered microbes
on their surface.
microbial adhesion index (MAI) — an average number of
microbial cells on one erythrocyte that participates in the
adhesion process; the index is calculated by the formula
MAI=AML-100/K. It is generally believed that bacteria have
no adhesion activity if MAI < 1.75.
0.1 mol solution of sodium phosphate, prepared on an isotonic
solution of sodium chloride (pH 7.2—7.3), was used as a buffer.

The microbial suspension was used in the concentration of
10° ¢/ml. For that purpose, the culture from a solid nutrient me-
dium (MIA) was washed twice with the buffer solution through
centrifugation (1,000 r/min), then a solution of the specified con-
certation was prepared in the buffer solution.

The erythrocytes were also pre-washed twice with the buffer so-
lution through centrifugation (1,000 r/min). Then a solution of the
erythrocytes of 100 million/ml was prepared in the buffer solution.

0.5 ml of the microbial suspension and the same amount of
erythrocytes were added into a tube. The mixture was incubated on
a shaker under the temperature of 37° C during 30 minutes. Then
a smear was prepared on a slide, was dried at room temperature,
fixed with methanol and stained according to Gram’s method.

The count was conducted on 50 erythrocytes with the exami-
nation of the whole slide.

6. Sensitivity of the bacteria to lactoferrin (LF), spermine
and spermidine was determined with the use of lactoferrin and
muriatic spermine and spermidine, produced by Fluka company.
Differences in determining the bacterial sensitivity to lactoferrin,
spermine and spermidine were in adding different substances to
the test tubes [4, 25].

7. The ability of bacteria to produce protein that is immuno-
chemically similar to human lactoferrin was determined on the basis
of EIA reaction with the use of standard kits of NBT company.
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Ta6bnuma 2

Bo3zneiicTB1e MOJLIIOTAHTOB HA OUOXUMHYECKHE CBOWCTBA MUKPOOpranusmos (M + m)

ITokasarenb aare3nn Cunres3 OeJka,
BAC, | PHKasa, | AwmulgG, | Jumasa, HMMyHOXHMISe-| YCTOMTM- |y ATIA,
Ionamorantbl oL en /M /M1 oL e1 CKH CXOIHOTO C |  BOCTb MET/m MKT/M1
yer. en. yer. CIA K HAM | sakrodeppimom| & JID, %
yesioBeKa, HI/MI

Huoranonamud,  3,969+0,08 1,174+£0,07 6,6£05 054001 24£05 98+£3 24+0,5 17,967+04 975£8,0 2,709+0,02 2,412£0,05
n=150

Denoi, n =150 3,109+0,07 1,167£0,05 7,0£04 008£001 2,8+04 98+3 29405 16426+04 955+8,1 190+0,01 5,153£0,05
CepHas kuciora, 1,989+0,07 1,186 £0,04 6,9+£04 297+£0,08 22£04 94+£3 23403 15471+£0,3 92,5+8,1 0,009+0,0003 3,53+£0,05
n=150

A30THas 1,692£0,06 1,188+0,04 54+0,3 0,33+0,08 2,5£04 97+£3 2,6£0,3 18,013£0,7 94,581 2,226+0,05 3,483+0,05
kucnora, n = 150

Konrpons, n=150 0,849+0,05 0,688+£0,05 4,8+02 160,03 1,3£02 81£2 16+0,2 10,704 £0,2 63,673 1,050£0,03 0,204+0,01

8. W3yyeHune cnocoOHOCTU OaKTepuil K pa3ioXKeHUIO HY-
kinenHara Hatpus (PHKa3Hass akTUBHOCTB) TPOBOAMIOCH COO-
CTBEeHHOU MomuduKameit odmenpuHaToro merona (Pair. mpem-
noxenue Ne 1204 ot 18.05.1999 r. «®oToMeTpuUecKHii criocod
OIIpeeJieHNsI HyKJIea3HOM aKTUBHOCTU OaKkTepuii») [26].

J11st aHaM3a TOJTYIeHHBIX Pe3yIbTaTOB MCCIISTOBAHUS TIPHU-
MEHSIJTICh METOIbI CTATUCTUYECKOM 00pabOTKM, a UMEHHO: IJIst
KaXI0i BBIOOPKY BBIYKMCIISIMCH ITOKA3ATE/IN OIMCATEIbHOI CTa-
TUCTUKHU: KOJMUYECTBO HAOIIONEHUI B MCXOIHOW BBIOOpPKE (1),
cpenHee apudMeTIeCKOe IMOTydeHHBIX 3HaueHuii (M), cpentee
KBaJIpaTMYECKOE OTKJIIOHEHME (m), CTaHOAPTHAs OLIMOKA Cpem-
Hero apupMeTHIECKOro, MUHUMAIbHOE (min) U MaKCUMAJIbHOE
(max) 3HaYeHME U3y4aeMOTo IIpr3HaKa. Bum pacnpeneneHus Ko-
JINYECTBEHHBIX JaHHBIX aHAJTU3UPOBAJICS C IIOMOIIBIO KPUTEPUSI
anupo—Ywunka. Ilociie OLEHKN COOTBETCTBUSI HOPMaJIbHOMY
3aKOHY pacIpele/ieHrs MPOBOAMICS BbIOOD METOMA CTAaTUCTH-
YeCKOro aHajausa. B cBsI3W ¢ TeM, YTO pachpeneieHue KOoJIude-
CTBEHHBIX IePEMEHHBIX B Hallleii paboTe OGbLIO HOPMAaJbHBIM,
ObUT BBIOpaH MapaMeTpuueckuii MeTon aHaiausa. LleHTpalibHble
TEHIACHIIUU U pacCesTHYsI TPU3HAKOB OIMKMCAHBI C ITOMOIIBIO CPEI-
Hero 3HaueHust (M) 1 cperHero KBaapaTuyecKoro OTKJIOHEHUS
(m). JloBepuTEIbHBIC MHTEPBAJIbI PACCUMTHIBAIUCH IJIsSI BEPOSIT-
HOCTH p = 95%. Pasnmumst MexXny cpaBHMBAaeMbIMM TTapaMeTpa-
MU CUUTAIU CTATUCTUYECKU 3HaUMMbIMU Tipu p < 0,05. IIns1 pac-
yéTa CTAaTUCTUYECKOM 3HAYMMOCTHU Pa3IMUMii B IBYX CBSI3aHHBIX
rpymmax ucrnoyib3oBaycs t-Kpurepuii CtbiogeHTa. CTaTUCTYe-
CKUIl aHAJIU3 Pe3YJIbTATOB IIPOBENEH C MCIIOJIb30BAHUEM CTATH-
ctryeckux mporpamm Microsoft Excel u Statistica for Windows.

Pe3yabTaThi

IMonyyeHHble HaMU pe3yJbTaThl, OIMCHIBAIONINE BO3IEH-
CTBUE TIOJUTIOTAHTOB Ha OUMOXMMHWYECKU TpoPWib GakTepwuii,
TpeNCTaBIeHbI B Ta0M. 2.

8. The ability of bacteria to decompose sodium nucleinate
(RNAase activity) was studied with the use of our own modifica-
tion of the general method (Improvement Suggestion No. 1204
“Photometric Method for Determining Nuclease Activity of Bac-
teria” dated 18.05.1999) [26].

The following methods of statistical processing were used to
analyze the obtained results: descriptive statistics indices were
calculated for each sample, viz. the number of observations in the
initial sample (n), the arithmetic mean of the obtained values (M),
the mean square deviation (m), the standard error of the mean (t),
the minimum (min) and maximum (max) values of the examined
indicator. The type of quantitative data distribution was analyzed
with the Shapiro-Wilk test. The evaluation of conformity with the
normal law of distribution was followed by the choice of the meth-
od for statistical analysis. The fact of normal distribution of quan-
titative variables in the paper resulted in choosing the parametric
method of analysis. Central tendencies and scattering of the char-
acters were described with the use of the mean value (M) and the
mean square deviation (m). Confidence intervals were calculated
for probability p=95%. Differences between the compared param-
eters were considered statistically significant if p <0.05. Student’s
t-test was used to calculate statistical significance of differences
in two related groups. The results were statistically analyzed with
Microsoft Excel and Statistica for Windows programs.

Results

The obtained results, describing the effect of pollutants on bio-
chemical profile of the bacteria, are presented in the Table 2.

Table 2
Effect of pollutants on biochemical properties of microorganisms (M * m)
Adhesion Synthesis of
. . protein that is .
Pollutants arﬁBﬁ"t Rnl\llA/anif, Ax:lltl/_;ﬁ, al;ll)paie"t immunochemically Iizsif;ar;e L?r;ﬂ Al?ﬁfl
- umt. g g - unit. AML C MAT | similar to human 70 " e
lactoferrin, ng/ml

Diethanolamine,  3.969+£0.08 1.174+0.07 6.6%0.5 05+£001 24+05 98+3 24+05 17.967+04 97.5+8.0 2709+0.02 2412+0.05
n=150

Phenol, n=150 3.109£0.07 1.167£0.05 7.0+£04 0.08+£001 28+04 98+3 29405 16426+04 955+8.1 190£0.01 5.153%+0.05
Sulfuric acid, 1.989+0.07 1.186+0.04 69+04 297+0.08 22+04 94+3 23403 15471£03 945481 0.009+0.0003 3.483+0.05
n=150

Nitricacid, n=150 1.692+0.06 1.188+0.04 54403 0.33+0.08 25+04 97+3 26+03 18.013£07 925+81 2226+0.05 3.483+0.05
Control, n=150  0.849+0.05 0.688+0.05 48+02 1.6+003 13+£02 81£2 16+£02 10704£02 63.6+£73 1.050£0.03 0.204£0.01
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Effect of pollutants on biochemical properties of microorganisms

B xone mpoBen€HHOTO KCIEPUMEHTa ObLIO YCTAaHOBJIEHO,
4yTO GAaKTEepUU, MPOLIEAIINE MPeIBaAPUTEIbHYI0 NHKYOALHUIO C
JIDA, Mo CBOUM CBOICTBAM CYIIECTBEHHO OTJIMYAIOTCS OT KOH-
TPOJIBHBIX BapuaHTOB. Pa3nmnumsi ObLIM BBISIBJICHBI IIPU CPaB-
HEHUU TPOSIBJICHUI aHTWJIM30IIMMHON aKTUBHOCTY MUKPOOP-
ranusMoB (p = 0,00091), nunaekca anre3un MUKpOOpPraHMU3MOB,
koo dunmenTa aaresun W CpemHero IoKaszaTelsis aiare3uu
(p = 0,0087), PHKasnoii (p =0,0047), nunasHoii (p = 0,0465),
aHTUUMMYyHoT00yIuHOBOM (IgG) akTuBHOCTEH (p = 0,048),
a TakXKe CITOCOOHOCTM INTAMMOB KJIeOCHENI, TPOIIeIIINX
MHKYOAlMI0, K IPEONOJIEHUI0 OaKTePUIUIHON aKTHMBHOCTU
ceiBopotku (BAC) (p = 0,0491). CriocobHOCTh camux GakTe-
puii cUHTe3upoBaTh OENOK, MMMYHOXMMHYECKU CXOTHBIA C
JakToeppUHOM YeJIOBEKAa, B OMBITHON TPYIEe TaKXKe BBIIIE
Mo CpaBHEHMIO ¢ KOHTposbHOU (p = 0,0492), KaK U ycToOli-
YUBOCThL KJIeOcHesul K Bo3aeiicTBuio JI® B OMBITHON IpyIime
(p=0,0477).

HccnenoBaHue BIUSHUSI, OKa3aHHOIO pacTBOPOM (heHoJj1a Ha
OaxkTepuaIbHYIO KJIETKY, OKa3alo, YTO JIMMa3Hash aKTUBHOCTb
CYLIECTBEHHO CHM3MUJIACh: JOCTOBEPHOCTb Pa3INyYUii COCTABIISIET
(p = 0,0008). PHKa3Hast akTUBHOCTb KYJIbTYP IOCJI€ KOHTAKTa C
(benosniom, Hanpotus, nosbicuaack (p = 0,031). Takxke Bo3poc-
Jla U CIIOCOOHOCTh KJIeOCHEsUT TPOTUBOCTOSATh OAKTEPULIUIHOM
AKTUBHOCTU CHIBOPOTKM M WX aHTUUMMYHOTIJIOOYJIMHOBAasT aK-
TuBHOCTB (p = 0,035 1 p = 0,039 cooTBEeTCTBEHHO). AAre3uBHast
aKTUBHOCTBH TAaKKe BO3pOCIia 1o BceM mapameTpam (p = 0,042).
[Mponykimst nmu3onrMa GaKTEpUSIMUA M3 OMBITHOW TPYIIITBI pa3-
JMyanach ¢ KOHTposibHOU (p = 0,047), aHTUIM3OILMMHOMN aK-
TUBHOCTBIO OTBITHBIE BapUAaHTBI O0JamaiyM TakkKe B OOJbIIEH
crerienu (p = 0,0001). AHalorMYHBIC U3MEHEHUSI BISIBIIECHBI U B
OTHOLIEHUU K CUHTE3y OakTepusiMu Oeska, TMMYHOXUMUYECKHU
CXOIHOTO C JIAKTO(DEepPUHOM YeJIOBEeKa, U YCTOMUYUBOCTHIO OaK-
tepuii K JI®. OnbITHBIE BapUaHTHI MPOU3BOIMINA OOJIbIIE Oei-
Ka, IMMYHOXUMHWYECKU CXOTHOTO C JaKTOhEeppUHOM YesloBeKa
(p = 0,028), oHu ke ObLIM ycToiiunBee K JID mo cpaBHEHUIO C
KOHTpoJIbHBIMU (p = 0,025).

Bnusinue, okasbiBaeMOe pacTBOpaMu a30THOM U CEpHOM
KHCIOT Ha KJ1€OCUEIUIBI, BBITJSIIUT CJIEAYIOIIMM 00pa3oM: JIM-
na3Hasi aKTUBHOCTb CHU3WJIACh B OMbBITE C a30THOW KUCIOTOM
(p =0,005) 1 moBbIcWIaCh B ombiTe ¢ cepHoii (p = 0,048). Ycra-
HOBJIEeHME pa3iuuuil nokaszano, yto PHKasHasg akTuBHOCTb
KYJIBTYp TTOCJIe KOHTaKTa C PaCTBOPOM CEPHOM KUCIOTHI TaKXKe
cyliecTBeHHO moBbicwiack (p = 0,0056). PHKasHast akTus-
HOCTbH KJIeOCUEIT TIoc)ie KOHTAaKTa ¢ PaCTBOPOM a30THOU KHC-
JIOTBI MMeJia Ty Xe HampasieHHocTh (p = 0,0059). Bospocna
CITIOCOOHOCTh KJIEOCUEIT MPOTUBOCTOSTh OAKTEPUIIUIHON aK-
TUBHOCTY CHIBOPOTKH KPOBH ITOCTIE KOHTAKTA C PACTBOPOM CEP-
Hoii kucnotoii (p = 0,029), Kak u TToc/ie KOHTAKTa C PACTBOPOM
a3oTHO# Kucnotel (p = 0,0334). Taxke ObLIO 3a(UKCUPOBAHO
W3MEeHEeHNe B AHTUMMMYHOTJIOOYTMHOBOM aKTUBHOCTH KJIeOCH -
€JUT TocJie KOHTaKTa ¢ pacTBOPaMU KUCIOT: TPUMEHUTEBHO K
azotHoi kucaore p = 0,050, cepHoii kucaote p = 0,045. Anre-
3MBHAsl aKTUBHOCTb MUKPOOPTaHU3MOB TaKXKe BO3pocya Mmocie
MHKYOaIlMK C pacTBOPOM a30THOM KuciaoTwl (p = 0,049), kak u
¢ pactBopoM cepHoii KuciaoTsl (p = 0,0389). Iponykiuus au-
301[MMa OaKTepUSIMU U3 OOEUX OMBITHBIX TPYIIN Pa3ianyaniach ¢
KOHTpoJbHOI: p = 0,00029 B ombITe C UCMOJb30BAHUEM CEPHOI
kucaotsl 1 p = 0,009 B omnbITe ¢ UCTIOJIB30BAaHUEM a30THOM KHC-
JIOTBI. AHTWIM30LIMMHON aKTUBHOCTBIO OITBITHBIE BapUaHThI
00Jiafanu B 3HaUUTENbHO OoJblieii creneHu: p = 0,0089 B omnbl-
Te ¢ a3oTHOM U p = (0,008 B ombITe ¢ cepHOt Kucioramu. TouHO
TaK X€ OIbITHblE BAapUAHThl MPOAYLMPOBAIU OoJblIe Oenka,
MUMMYHOXUMHWYECKUA CXOIHOTO C JIAKTOEPPUHOM YeTOBeKa:
p = 0,045 B rpymie 6akTepuil, MPOUIENIINX TTPEIBAPUTEIBHYIO
WHKYOAIINIO C pACTBOPOM cepHOolt KucnoTsl; p = 0,0491 B rpymiie
OakTepuii, MPOIIEAIINX NHKYOAIIUIO C PACTBOPOM a30THOM KHC-
JIOTBL. DTH Xe ITaMMBbl IEMOHCTPUPOBAIN OOJBIIYIO yCTOM-
4uBOCTDb K JID 10 cpaBHEHMIO ¢ KOHTPOJbHBIMU: p = 0,046 u
p = 0,0472 nns1 pacTBOPOB CEPHOI M a30THOU KUCIOT COOTBET-
CTBEHHO.
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Original article

The experiment allowed to identify that the bacteria, pre-
liminarily incubated with DEA, differed significantly from the
control group by their properties. Differences were revealed dur-
ing the comparison of displays of anti-lysozyme activity of the
microorganisms (p=0.00091), microbial adhesion index, adhe-
sion coefficient and adhesion mean value (p=0.0087), RNAase
(p =0.0047), lipase (p=0.0465) and anti-Ig (p=0.048) activities,
as well as the ability of incubated Klebsiella strains to cope with
serum bactericidal activity (SBA) (p=0.0491). The ability of bac-
teria to synthesize protein that is immunochemically similar to
human lactoferrin is higher in the experimental group in com-
parison with the control group (p=0.0492), as well as Klebsiella
resistance to the effect of lactoferrin in the experimental group
(p=0.0477).

A study on the effect of phenol on a bacterial cell showed
that the lipase activity decreased significantly: the statistical sig-
nificance is (p=0,0008). On the contrary, the RNAase activity
increased after the contact with phenol (p=0,031). The ability
of Klebsiella to resist serum bactericidal activity and their an-
ti-Ig activity increased as well (p=0.035 and p=0.039 respec-
tively). The adhesion activity also increased by all parameters
(p=0.042). Lysozyme production by bacteria from the experi-
mental group differed from the control group (p=0.047), and
experimental samples also demonstrated their anti-lysozyme
activity in a greater degree (p=0.0001). Similar changes also
were revealed in relation to the synthesis of protein that is immu-
nochemically similar to human lactoferrin and bacterial resis-
tance to lactoferrin. The experimental samples produced more
protein that is immunochemically similar to human lactoferrin
(p=0.028), they were also more resistant to LF than the control
samples (p=0.025).

The effect of sulfuric and nitric acids on Klebsiella is as fol-
lows: the lipase activity decreased in the experiment with nitric
acid (p=0.005) and increased in the experiment with sulfuric
acid (p=0.048). The identified differences indicated that the
RNAase activity of cultures after the contact with the sulfuric
acid solution also increased significantly (p=0.0056). The RNA-
ase activity of Klebsiella after the contact with the nitric acid so-
lution had the same tendency (p=0.0059). The ability of Klebsi-
ella to resist blood serum bactericidal activity increased after the
contact with the sulfuric acid solution (p=0.029) and with the
nitric acid solution (p=0.0334). Klebsiella anti-Ig activity also
changed after the contact with the acid solutions — p=0.050 for
nitric acid and p=0.045 for sulfuric acid. The adhesion activ-
ity increased after its incubation both with the nitric acid solu-
tion (p=0.049) and with the sulfuric acid solution (p=0.0389) as
well. Lysozyme production by bacteria from both experimental
groups differed from the control group — p=0.00029 in the ex-
periment with sulfuric acid and p=0.009 in the experiment with
nitric acid. The experimental samples demonstrated their anti-
lysozyme activity in a greater degree — p=0.0089 in the experi-
ment with nitric acid and p=0.008 in the experiment with sul-
furic acid. Similarly, the experimental samples produced more
protein that is immunochemically similar to human lactoferrin —
p=0.045 in the group of bacteria that were pre-incubated with
the sulfuric acid solution and p=0.0491 in the group of bacteria
that were pre-incubated with the nitric acid solution. The same
strains were also more resistant to LF in comparison with the
control samples — p=0.046 and p=0.0472 for the solutions of
sulfuric and nitric acids respectively.

Gigiena i Sanitariya (Hygiene & Sanitation, Russian Journal). Volume 99, Issue 4, 2020 375



TUFMEHA OKPY)XAHOLLEN CPE[bI

boviko 0.B., floueHko F0.U., F'yanHckas H.U., boiiko B.U., MyxamepassHosa P.U., Ko3zak .M., CTeHbkuH ®.C.

BnusiHne NONNOTaHTOB Ha GUOXMMUYECKUE CBOMCTBA MUKpPOOpraHM3moB

DOI: https://dx.doi.org/10.33029/0016-9900-2020-99-4-368-378
OpuruHanbHas ctaTbs

Oo0cyxnenue

ITonyyeHHbBIE pe3yabTaThl, KaK HAaM MPEACTABIISIETCI, MOXKHO
MHTEPIPETUPOBATH CIICIYIONINM 00pa3oM.

BriosiHe BeposITHO, UTO COeMMHEHMSI, 00pa3yIolrecs B BOJIE TT0-
cte MoGaBJIeHUsT a30THOM KUCIIOTHI, SIBJISTIOTCS €1I¢ OMHUM JOTION-
HUTEJIBHBIM UCTOYHMKOM a30Ta IS 0aKTepHii. DTO B CBOIO 0UYepeIb
OKa3bIBacT CTUMYJIAPYIOIee AEUCTBIE HA BeCh METa0OIM3M KIIET-
KU, B TOM YHCJIe M Ha CUHTE3 BEIIECTB, O1arogapst KOTOPbIM OaKTe-
Py peau3yloT CBOM TTaTOr¢HHbIe CBOMCTBA. B T0 e Bpemst apyrue
WCITOJIb30BaHHbBIC HAMHW COCIMHEHMS B KQUeCTBE MUTATEIBHBIX Be-
IIECTB HE MOTYT BBICTYIIaTh TIO ONpenesieHnto. JInstaHomaMuH —
BEIIIECTBO a0COIIOTHO TMPOM3BOACTBEHHOE W aHAJIOTOB B ITPUPOIE
He nMeeT. OH IHUPOKO TIPUMEHSIETCS B Ka4eCTBE ancopOeHTa yrjie-
KHCJIOTO Ta3a U CepoBOIOpOaa B He(pTerazomo0bIBatoIIeii OTpacian
M HEKOTOPBIX JPYTUX OOJACTSX MPOMBIILIEHHOCTH. B HacTosiee
BpEeMsI UMEIOTCS JIMIIb (hparMeHTapHbIe TaHHbIE O €r0 HETaTUBHOM
BJUSIHUM Ha TETUIOKPOBHBIX XKUBOTHBIX U PbIO. BhIsSIBICHHBIE HAMU
M3MEHEeHUsT OMOXMMUYECKMX CBOMCTB OaKTepUil MPeICTaBsIIOT 10~
CTaTOYHBIN MHTEpeC, TaK Kak IUATaHOJaMMH, MOCTYMas B COCTaBe
CTOYHBIX BOJI MPOMBILIUIEHHbIX MPEANTPUITUIA MPU TEXHOJIOTHYe-
CKUX M aBapWIAHBIX YTeUKaX B BOTOEMBI, CITOCOOEH, OUYEBUIHO, U3~
MEHSITh OMOJIOTMUYECKUIA MPOGUIb YKe MMEIOIIMXCI TaM MUKpPO-
OpraHU3MOB, B TOM 4YKCJIe ¥ B HEOJaronpusITHYIO U YesloBeKa
cropony [27—29]. CoenuHeHusl, BOSHUKAIOIIME TOC/Ie ToMagaHus
CEepHOM KHWCJIOTHI B BOMY, OSCCITOPHO, BCTPEYAIOTCS B MPUPOIE.
CepHast KCJIOTa — KOMITOHEHT KUCIIOTHBIX JOXKICH, KOTOpast, Kak
OBIJIO YCTAHOBJIEHO B XOJI¢ HACTOSIIIETO MCCIIEIOBaHMS, TIOTaas B
KpaifHe TUHAMUYHYIO B XUMUYECKOM IIJIaHE BOTHYIO CPEIy, MOXKET,
Kak ¥ IM3TaHOJIaAMUH, TIPUBOIUTH K HEOMHO3HAYHBIM JUTS YeJIOBeKa
nocnencTBusiM. [lomydeHHbIe HAMM pe3y/IbTaThl TTOKA3hIBAIOT TaK-
K€, UTO BEIIIeCTBA, BBI3BIBAIOIIME HAUOOJbIIICE TTOMABICHNE K13~
HeesTeIbHOCTY MUKPOOPTAaHM3MOB, MOTYT BbI3bIBATh B HUX M3MeE-
HEHMsI, He TIpeArioaraeMbie paHee. B mpoBenéHHOM uccae10BaHUI
pacTBop (peHoJIa, U3BECTHBII KaK KapOoJioBasi KUCJIOTa U CUJTbHBII
aHTHUCENTUK, B3ATbI Ha ypoBHe [1/IK, neiicTBoBas B HEKOTOPOM
poJie TIO TIPUHLIMITY «BCE WJIM HUYET0», TaK KaK UMEHHO (PeHOJI 110
CPaBHEHMIO C JAPYTMMU KCEHOOMOTMKAMMU BbI3bIBAI HAMOOJBIIMIA
POCT TaKOro BaxKHOTO (pakTopa MaToreHHOCTM MUKPOOPTraHU3MOB,
KaK X aHTWJIM30LMMHAasT aKTUBHOCTb.

3aki1oueHne

Takum 06pa3om, BO BCeX HAIIMX OIBITAX ITOCJIe KOHTAKTa C
MOJUTIOTAHTaMU OBbLTIO YCTAHOBJIEHO TOBBIIIEHUE IaTOreHHBIX
CBOIMCTB KJIeOCHENI. DTU U3MEHEHUSI, OUEBUIHO, UMEIOT alar-
TUBHYIO TIPUPOMY, a UX MEXaHMU3M COCTOMT B CEJICKIIMU U3 TeTe-
POTeHHOI OaKTepUaJIbHON TOMYJSILIMU OTACIbHBIX BapUaHTOB,
HauboJjiee YCTOMYMBBIX K JIOOBIM HEOJAronpusTHbIM BO3IEH-
cTtBUsIM. CorIacHO TEOPUM aIanTUBHOIO MojuMopdhu3Ma naTo-
TeHHBIX MMKPOOPTaHU3MOB, BO30YAUTEIN, CTIOCOOHBIE K 0OMTa-
HUIO B Pa3IMYHBIX YCJIOBUSIX BHEITHEH cpelibl (K 9TOM KaTeropuu
OTHOCSITCS M KJIeOCUesUIbl, 3a7eiiCTBOBaHHbBIE B Hallleii padoTe),
001a1aI0T 3HAYMTENBHO OOJIBIIMM MOTEHLIMAJIOM M3MEHYMBO-
CTH, YeM OOJIUTaTHBIE TIapa3uThl, 3aHUMAIOIINE Y3KUe IKOTOTH-
YeCcKWe HUIIN, a BBICOKAas 9KOJIOTUIeCKas TIIaCTUIHOCTb TPaMO-
TPULIATEbHBIX TOTEHLIMATBHO TATOTEHHBIX OAKTEPUii TTO3BOJISIET
WM JIETKO alalITUPOBATHCS K KAUECTBEHHO PA3JIMIHBIM YCIOBUSIM
cymectBoBaHu [5, 7, 8, 13, 30]. UMeHHO 1TO3TOMY B TPUPOTHBIX
MECTOOOMTAHUAX, TPETEPIIEBIINX TpaHC(HOpPMAINIO TION BO3-
NEMCTBUEM TIOJTIOTAHTOB, MOTYT (POPMHMPOBATHCS BHICOKOBH-
PYJEHTHBIE BapUaHTBl JOCTATOYHO OC300MIHBIX MOTEHIINATBLHO
MaTOreHHBIX OaKTepUil, IMMPOKO PaCIIPOCTPAHEHHBIX B IIPUPOIE.

C 3T0if MO3ULIMKU TIPEANPUHSITAsE HAMU TOIBITKA pa3paboOTKU
HOBBIX METOAMYECKUX MOIXOJOB OLIEHKU aHTPOMIOTEHHOTO BJIM-
SIHUSI Ha BHEIITHIOKO Cpe/ly Ha MpuMepe aHaiu3a (haKTOpOB MaTo-
TeHHOCTH MUKPOOPraHU3MOB, M30JUPYEMbIX M3 3arpsi3HEHHOM
MOJUTIOTAHTaAMU BOJIbI, TTO3BOJISIET OLIEHUTb KaK OMAacHOCTb pac-
MpOCTpaHeHUs 3a00JIeBaHUiT OaKTEPUATbHON ITUOJOTUM, TaK U
JETAIbHO MPEACTaBUTh MHTEHCUBHOCTb U HAMPaBJIEHHOCTb BJIM-
STHHAS Ha 3TOT MPOLIECC KOHKPETHBIX KCEHOOMOTHUKOB.

Discussion

From our point of view, the obtained results can be inter-
preted as follows. Compounds that are formed in water when
nitric acid is added are likely to be one more source of nitrogen
for bacteria. In its turn, it has a stimulating effect on the whole
metabolism of a cell, including on the synthesis of substances
that help bacteria actualize their pathogenic properties. At the
same time, other compounds, used by us, cannot be nutrients
by definition. Diethanolamine is a totally industrial substance
and has no analogues in nature. It is widely used in oil-and-
gas and other industries as an absorber of carbon dioxide and
hydrogen sulfide. Nowadays, there are only fragmentary data
on its negative impact on warm-blooded animals and fish.
Changes of bacterial biochemical properties that were identi-
fied by us are of sufficient interest, because diethanolamine,
being released with industrial wastewater into waterbodies in
case of technological and emergency leaks, may change the bi-
ological profile of inhabiting microorganisms, which also may
be unfavourable for humans [27-29]. Compounds that appear
when sulfuric acid is released into water indeed are found in
nature. Sulfuric acid is a component of acid rains which (as it
was identified during the present study), appearing in an ex-
tremely dynamic (in terms of chemistry) water medium, may
lead — like diethanolamine does — to ambiguous consequences
for humans.

The obtained results also show that substances that suppress
vital activity of microorganisms most of all can cause changes in
them that have not been supposed before. In the conducted study,
the solution of phenol, known as carbolic acid and strong antisep-
tic, taken at TLV level, acts, to some extent, by the principle “all or
nothing”, as it was the phenol that caused the maximum increase
(in comparison with other xenobiotics) in such an important factor
of microorganism pathogenicity as anti-lysozyme activity.

Conclusion

Therefore, all our experiments identified an increase in Klebsi-
ella pathogenic properties after the contact with pollutants. These
changes are likely to have adaptive nature, and their mechanism
consists in selection of certain specimens, that are the most resis-
tant to any unfavourable conditions, from a heterogeneous bacte-
rial population. According to the theory of adaptive polymorphism
of pathogenic microorganisms, agents that can live in different
environmental conditions (including Klebsiella, used in our study)
have much greater potential of changeability than obligate para-
sites, occupying narrow ecological niches, and a high environmen-
tal flexibility of gram-negative and potentially pathogenic bacteria
allow them to adapt casily to qualitatively different conditions of
existence [5, 7, 8, 13, 30]. That is why these are natural habitats,
transformed under a pollutant effect, where highly-virulent vari-
ants of quite harmless but potentially pathogenic bacteria, widely-
spread in nature, can appear.

From this line of reasoning, out attempt to develop new
methodological approaches to assessment of the anthropo-
genic effect on the environment on the example of the analy-
sis of pathogenicity factors of microorganisms, isolated from
pollutant-contaminated water, allows both to assess the risk of
spreading diseases of bacterial etiology and to present in detail
the intensity and type of influence of specific xenobiotics on
this process.

376

F'vruenHa u caHutapus. Tom 99, Ne 4, 2020



ENVIRONMENTAL HYGIENE

Boiko O.V., Dotsenko Yu.l., Gudinskaya N.I., Boiko V.l., Mukhamedzyanova R.l., Kozak D.M., Stenkin F.S.

Effect of pollutants on biochemical properties of microorganisms

Jlutepartypa

DOI: https:/dx.doi.org/10.33029/0016-9900-2020-99-4-368-378
Original article

References

20.

21.

22.

23.

24.

25.

26.

27.

Tpumwuna A.B., bepesusik E.A., CunbnoBa WU.P., Bepkuna JI.M. buo-
pasHooOpa3ue M aHTUOMOTUKOPE3UTEHTHOCTb YCJIOBHO MaTOr€HHBIX
SHTEPOOAKTEPUil, BBIACIEHHBIX U3 MOBEPXHOCTHBIX Bono&éMoB PocToBa-
Ha-Jlony. Xypnaa muxpobuonroeuu, snudemuonsoeuu u uUmMMyHoOUOAOUU.
2017; 4: 17-23.

3apuukas E.B., [Tonososa E.B., borauesa A.C. CoBpeMeHHbI€ aibTepHa-
TUBHbBIC TOKCUKOJIOTUYECKUE METOIbl UCCICTOBAHUS U TIEPCIIEKTUBBI MX
HCIOJIb30BAHUS B PAKTUYECKON AesaTeIbHOCTU. [ueuena u canumapus.
2017; 96 (7): 671—4.

Pakurckuit B.H., FOnuna T.B., EropoBa M.B., Kyrakoa H.C. Heunpa-
3UBHbBIC METO/Ibl MCCIICIOBAHUS BIUSHUS BBIOPOCOB MPEeANPUSITUI LIBET-
HOIi METaTypruU Ha 310POBbe YenoBeka. [ueuena u canumapus. 2017; 96
(12): 1192-5.

Boiiko O.B., TepentbeB A.A., Hukosaes A.A., Yomae A.M. Moaekyasp-
Hble Mexanuzmol nepcucmupyrouweli ungexyuu. Actpaxanb: Mznarenbckuii
IOM «ACTpaxaHCKUil yHuBepcuTeT»; 2006. 112 c.

Byxapun O.B., Jlutsun B.YO. Ilamocennvie 6akmepuu 6 npupoonsix sKocu-
cmemax. Exarepun6ypr: YpO PAH; 1997. 275 c.

Paxmanun F0.A., UBanosa JI.B., Apremona T.3., 3araitHoBa A.B., 'unm
E.K., Henaunn A.B. 1 coaBt. ZKu3HenesTeIbHOCTh MUKPOOPraHU3MOB U
napa3uTapHbIX NATOTEHOB B YCIOBUSIX XMMUYECKOTO 3arpsi3HEHUsI BOABI
MMOBEPXHOCTHBIX BOTOEMOB. [ueuena u canumapus. 2017; 96 (10): 956—60.
Ostrem Loss E.M., Yu J.H. Bioremediation and microbial metabolism of
benzo(a)pyrene. Mol Microbiol. 2018; 109 (4): 433—44.

Dunivin T.K., Miller J., Shade A. Taxonomically-linked growth phe-
notypes during arsenic stress among arsenic resistant bacteria isolated
from soils overlying the Centralia coal seam fire. PLoS One. 2018; 13 (1):
¢0191893.

Koutinas M., Vasquez M.I., Nicolaou E., Pashali P., Kyriakou E., Loizou
E. et al. Biodegradation and toxicity of emerging contaminants: Isolation of
an exopolysaccharide-producing Sphingomonas sp. for ionic liquids biore-
mediation. J Hazard Mater. 2018; 365: 88—96.

Kuris A.M., Lafferty K.D., Sokolow S.H. Sapronosis: a distinctive type of
infectious agent. Trends Parasitol. 2014; 30 (8): 386—93.

Truitt L.N., Vazquez K.M., Pfuntner R.C., Rideout S.L., Havelaar A.H.,
Strawn L.K. Microbial Quality of Agricultural Water Used in Produce Pre-
harvest Production on the Eastern Shore of Virginia. J Food Prot. 2018; 81
(10): 1661-72.

Sohn W.M., Na B.K., Cho S.H., JuJ.W., Kim C.H., Yoon K.B. et al. nfec-
tions with Centrocestus armatus Metacercariae in Fishes from Water Sys-
tems of Major Rivers in Republic of Korea. Korean J Parasitol. 2018; 56 (4):
341-9.

Teodoro A., Junior A.M., Boncz M.A., Paulo P.L. Alternative use of
Pseudomonas aeruginosa as indicator for greywater disinfection. Water Sci
Technol. 2018; 78 (6): 1361-9.

boiiko O.B., AxmuueeBa A.X., I'yvaunckas H.U. u coaBr. Buoxummnue-
CKMEe M UMMYHOJIOTMYECKUE MapKepbl B IMAarHOCTUKE MaTOJIOIMYECKUX
cocTosiHUil. Pyndamenmanvhoie uccaedosanus. 2013; 9: 327-9.
Konenuykosa O.A., CaBueHko A.A. CocTosTHME UMMYHHOTO CTaTyca u
HOpPMaJIbHOI MUKPOGJIOPHI 3€Ba Y JIK1I, IPOXMBAIOLUX B pailOHE TEXHO-
reHHoro 3arpsisuenus. lueuena u canumapus. 2006; 6: 8—11.

Comos [.I1., JlutBun B.YO. Canpogumusm u napazumuszm namoeeHHvix
o6axkmepuii. Hoocubupck: Hayka; 1988. 208 c.

Boiiko O.B., TepentbeB A.A., boiiko B.U. MonekynsipHble MeXaHU3Mbl
6aKTepMOHOCUTEIBCTBA (XapaKTepUCTUKA U TIOAPOOHBIN aHalu3). Saar-
briicken: Palmarium academic publishing; 2012. 175 c.

Aljadi S.H., Al-Shemmari M., Al-Ramzi J., Al-Abdullatif S., Hajeyah Z.,
Jamal L. et al. Bacterial contamination in physical therapy departments in
the State of Kuwait. J Phys Ther Sci. 2017; 29 (6): 1014—8.

Grami D., Rtibi K., Selmi S., Jridi M., Sebai H., Marzouki L. et al. Aqueous
extract of Eruca Sativa protects human spermatozoa from mitochondrial
failure due to bisphenol A exposure. Reprod Toxicol. 2018; 82: 103—10.
Kong Q., He X., Feng Y., Miao M.S., Wang Q., Du Y.D. et al. Pollutant
removal and microorganism evolution of activated sludge under ofloxacin
selection pressure. Bioresour Technol. 2017; 241: 849—56.

Boiiko O.B., AxmuueeBa A.X., 'ynunckas H.U., boiiko B.U., Kozak
J1.M. Bo3pacTHble UBMEHEHUSI UMMYHOJOTUUECKUX, MOP(OTOTUIECKUX
1 OMOXMMUYECKMX IMOKa3aTesJeil PernponyKTUBHON CUCTEMbl MYXXUYMH.
Yenexu eeponmonoeuu. 2014; 27 (1): 50-3.

byxapun O.B., YeBsiuoB b.51. bakmepuonocumenascmeo (meduko-3x010eu-
yeckuii acnekm). Exatepun6ypr; 1996. 206 c.

Byxapun O.B., Cosbikun B.JI. @axmopsr ecmecmeennoeo ummynumema.
Openoypr; 1979. 73 c.

Buprep M.O. Crnpasounux no mukpobuosocuteckum u Upyconr0eutecKum
memoodam uccaedosanus. M.: Menuumna; 1982. 462 c.

Bboiiko O.B., Hukomnaes A.A., [T1ockonoc M.B. UnenTtudukamus pesu-
JIEHTHOT0 0AKTEPUOHOCUTENILCTBA B YPOJIOrun. Kaunuueckasn aabopamop-
nas duaenocmuka. 2004; 9: 32—3.

Kacwipos JI.B. Okcnepemenmanvhas mukpoouonoeus. Cobus: MeanunHa
u GhusKyIbTypa; 1965. 486 c.

Tanuynun P.B., lanuynuna P.A., bamikun B.H. 'eoskonorus MmeraHosna,
HCIIOJIb3YEMOTO B Ta30BOI1 TPOMBINIIEHHOCTH. Jenosoil scypran Neftegaz.
RU. 2017; 2: 84-9.

10.

12.

13.

14.

15.

20.

21.

22.

23.

24.

25.

26.

27.

Trishina A.V., Bereznyak E.A., Sil’nova I.R., Verkina L.M. Biodiversity
and antibiotic susceptibility of opportunistic enterobacteria isolated from
surface water bodies of Rostov-on-Don. Zhurnal mikrobiologii, epidemiologii
i immunobiologii. 2017; 4: 17—23. (in Russian)

Zarickaya E.V., Polozova E.V., Bogacheva A.S. Modern alternative toxicologi-
cal research methods and prospects for their use in practice. Gigiena i sanitariya
[Hygiene and Sanitation, Russian journal]. 2017; 96 (7): 671—4. (in Russian)
Rakitskiy V.N., Yudina T.V., Yegorova M.V., Kutakova N.S. Non-invasive
methods for studying the effect of emissions from non-ferrous metallurgy
enterprises on human health. Gigiena i sanitariya [Hygiene and Sanitation,
Russian journal]. 2017; 96 (12): 1192—5. (in Russian)

Boiko O.V., Terent’ev A.A., Nikolaev A.A., Chomaev A.M. Molecular mech-
anisms of persistent infection [ Molekulyarnyye mekhanizmy persistiruyushchey
infektsii]. Astrakhan’: Izdatel’skiy dom «Astrakhanskiy universitet»; 2006.
112 p. (in Russian)

Buharin O.V., Litvin V.Yu. Pathogenic bacteria in natural ecosystems
[Patogennyye bakterii v prirodnykh ekosistemakh]. Ekaterinburg: UrO RAN;
1997. 275 p. (in Russian)

Rahmanin Yu.A., Ivanova L.\V., Artemova T.Z., Zagajnova A.V., Gipp E.K.,
Nedachin AV. et al. The vital activity of microorganisms and parasitic patho-
gens in the conditions of chemical pollution of surface water. Gigiena i sanitariya
[Hygiene and Sanitation, Russian journal]. 2017; 96 (10): 956—60. (in Russian)
Ostrem Loss E.M., Yu J.H. Bioremediation and microbial metabolism of
benzo(a)pyrene. Mol Microbiol. 2018; 109 (4): 433—44.

Dunivin T.K., Miller J., Shade A. Taxonomically-linked growth phenotypes
during arsenic stress among arsenic resistant bacteria isolated from soils
overlying the Centralia coal seam fire. PLo.S One. 2018; 13 (1): e0191893.
Koutinas M., Vasquez M.I., Nicolaou E., Pashali P., Kyriakou E., Loizou
E. et al. Biodegradation and toxicity of emerging contaminants: Isolation of
an exopolysaccharide-producing Sphingomonas sp. for ionic liquids biore-
mediation. J Hazard Mater. 2018; 365: 88—96.

Kuris A.M., Lafferty K.D., Sokolow S.H. Sapronosis: a distinctive type of
infectious agent. Trends Parasitol. 2014; 30 (8): 386—93.

Truitt L.N., Vazquez K.M., Pfuntner R.C., Rideout S.L., Havelaar A.H.,
Strawn L.K. Microbial Quality of Agricultural Water Used in Produce
Preharvest Production on the Eastern Shore of Virginia. J Food Prot. 2018;
81 (10): 1661-72.

Sohn W.M., Na B.K., Cho S.H., Ju J.W., Kim C.H., Yoon K.B. et al. Infec-
tions with Centrocestus armatus Metacercariae in Fishes from Water Systems
of Major Rivers in Republic of Korea. Korean J Parasitol. 2018; 56 (4): 341-9.
Teodoro A., Junior A.M., Boncz M.A., Paulo P.L. Alternative use of
Pseudomonas aeruginosa as indicator for greywater disinfection. Water Sci
Technol. 2018; 78 (6): 1361—9.

Boiko O.V., Ahmineeva A.Kh., Gudinskaya N.I. et al. Biochemical and
immunological markers in the diagnosis of pathological conditions.
Fundamental’nyye issledovaniya. 2013; 9: 327—9. (in Russian)
Kolenchukova O.A., Savchenko A.A. The state of the immune status and
normal microflora of the pharynx in persons living in the area of indus-
trial pollution. Gigiena i sanitariya [ Hygiene and Sanitation, Russian journall.
2006; 6: 8—11. (in Russian)

Somov G.P., Litvin V.Yu. Saprophyticism and parasitism of pathogenic bac-
teria [Saprofitizm i parazitizm patogennykh bakteriy]. Novosibirsk: Nauka;
1988. 208 p. (in Russian)

Boiko O.V., Terent’ev A.A., Boiko V.I. Molecular mechanisms of bacterio-
carrier (characterization and detailed analysis) [Molekulyarnyye mekha-
nizmy bakterionositel’stva (kharakteristika i podrobnyy analiz)]. Saarbriicken:
Palmarium academic publishing; 2012. 175 p. (in Russian)

Aljadi S.H., Al-Shemmari M., Al-Ramzi J., Al-Abdullatif S., Hajeyah Z.,
Jamal L. et al. Bacterial contamination in physical therapy departments in
the State of Kuwait. J Phys Ther Sci. 2017; 29 (6): 1014—8.

Grami D., Rtibi K., Selmi S., Jridi M., Sebai H., Marzouki L. et al. Aqueous
extract of Eruca Sativa protects human spermatozoa from mitochondrial
failure due to bisphenol A exposure. Reprod Toxicol. 2018; 82: 103—10.
Kong Q., He X., Feng Y., Miao M.S., Wang Q., Du Y.D. et al. Pollutant
removal and microorganism evolution of activated sludge under ofloxacin
selection pressure. Bioresour Technol. 2017; 241: 849—56.

Boiko O.V. Ahmineeva A.Kh., Gudinskaya N.I., Boyko V.1., Kozak D.M. Age-
related changes in immunological, morphological and biochemical indices of
male reproductive system. Uspekhi gerontologii. 2014; 27 (1): 50—3. (in Russian)
Buharin O.V., Usvyatsov B.Ya. Bacteria carrying (medical and ecological
aspect) [Bakterionositel’stvo (mediko-ekologicheskiy aspekt)]. Yekaterinburg;
1996. 206 p. (in Russian)

Bukharin O.V., Sozykin V.L. Innate immunity factors [ Faktory yestestvennogo
immuniteta/. Orenburg; 1979. 73 p. (in Russian)

Birger M.O. Handbook of microbiological and virological research methods
[Spravochnik po mikrobiologicheskim i virusologicheskim metodam issledo-
vaniy]. Moscow: Meditsina; 1982. 462 p. (in Russian)

Boiko O.V., Nikolaev A.A., Ploskonos M.V. Identification of resident bacilli in
urology. Klinicheskaya laboratornaya diagnostika. 2004; 9: 32—3. (in Russian)
Kasyrov L.B. Experimental microbiology [Eksperimental’naya mikrobiologi-
ya]. Sofiya: Meditsina i fizkul’tura; 1965. 486 p. (in Russian)

Galiulin R.V., Galiulina R.A., Bashkin V.N. Geoecology of methanol used
in the gas industry. Delovoy zhurnal Neftegaz. RU. 2017; 2: 84—9. (in Russian)

Gigiena i Sanitariya (Hygiene & Sanitation, Russian Journal). Volume 99, Issue 4, 2020

377



TUFMEHA OKPY)XAHOLLEN CPE[bI

boviko 0.B., floueHko F0.U., F'yanHckas H.U., boiiko B.U., MyxamepassHosa P.U., Ko3zak .M., CTeHbkuH ®.C.

BnusiHne NONNOTaHTOB Ha GUOXMMUYECKUE CBOMCTBA MUKpPOOpraHM3moB

DOI: https://dx.doi.org/10.33029/0016-9900-2020-99-4-368-378
OpuruHanbHas ctaTbs

28.  CocenoalJl.M. MeToanyecKue Moaxo1bl K 9KCIepuMeHTaIbHOMY M3yye-
HWIO BIUSTHUS 3aTPSI3HEHU sl 00bEKTOB OKPY XKAIOIIEH CPelbl Ha OPTaHU3M

yenoBeka. lueuena u canumapus. 2014; 6: 94—9.

29.  Masterson E.A., Themann C.L., Luckhaupt S.E., LiJ., Calvert G.M. Hear-
ing difficulty and tinnitus among U.S. workers and non-workers in 2007. Am

J Ind Med. 2016; 59 (4): 290—300.

30. AmnnpiokoBa B.I., Comosa JI.M., Tumuenko H.®. Dposrouus
MOHSITUSI CAallPOHO3bl M TpaHCGhOpPMAIUsT KOJOTMYECKON KOHIICMIIUK
rnapasuTu3Ma B UHGEKTOIOTUU. KypHas Mukpoouonsocuu, 3nudemuosouu

u ummynoouonoeuu. 2017; 5: 119-26.

28.

29.

30.

Sosedova L.M. Methodical approaches to the experimental study of the
effects of environmental pollution on the human body. Gigiena i sanitariya
[Hygiene and Sanitation, Russian journal]. 2014; 6: 94—9. (in Russian)
Masterson E.A., Themann C.L., Luckhaupt S.E., Li J., Calvert G.M.
Hearing difficulty and tinnitus among U.S. workers and non-workers in
2007. Am J Ind Med. 2016; 59 (4): 290—300.

Andryukova B.G., Somova L.M., Timchenko N.F. Evolution of the concept
of sapronosis and transformation of the ecological concept of parasitism
in infectiology. Zhurnal mikrobiologii, epidemiologii i immunobiologii. 2017,
5: 119—26. (in Russian)

378

F'vruenHa u caHutapus. Tom 99, Ne 4, 2020



